I. Introduction
novel on-line database, the Hyperlinked Overview of Piloted Evaluations (HOPE), has been developed for use in recent handling qualities simulation experiments for spacecraft operations. This web application was written to be generic in nature and can be applied to any experiment involving human subjects with both objective and subjective data collection. This paper describes the key features of the application and how it can be applied to a typical simulation experiment. HOPE was inspired by previous work in NASA's High Speed Research activity, one of the first team-based piloted evaluations that made use of emerging Web technologies to organize, store and share handling quality experimental data with a widely dispersed team of flight control engineers and pilots.
II. Motivation
During NASA's High Speed Research (HSR) project 1 of the 1990s, both authors were involved in storing simulation data collected from multiple experiments at three different simulation sites into a single Web server for access by the geographically dispersed HSR Guidance and Control integrated development team. Access routines were very crude, consisting of custom-written shell scripts that retrieved time history data and summaries of pilot opinions for various maneuvers, hand-coded into a static hypertext markup language (HTML)-based table.
A series of experiments in spacecraft handling qualities at NASA Langley Research Center, 2,3 in collaboration with NASA Ames Research Center, 4, 5, 6 were begun in 2007. The previous experience with piloted evaluations of the High-Speed Civil Transport and other conceptual vehicles motivated the authors to take advantage of newly emerging Web technologies to store, retrieve and analyze pilot opinions and task metrics in a user-friendly way.
III. Solution Implementation

A. Programming Language
The Ruby programming language 7 was chosen along with the Ruby-on-Rails (RoR) framework 8 .
Ruby is an open-source, multi-platform, general purpose scripting language that is strongly object-oriented and includes key features such as open classes (meaning one can redefine or add methods to built-in classes), introspection, and builtin support for unit testing. The Ruby-based Rails framework is an open-source project that adds support for development of Web-based applications; such web applications are designed to access and manipulate an underlying relational database; many open-source and commercial database products (such as MySQL, sqlite, and Oracle) are supported by RoR.
B. Custom code development
Ruby-on-Rails represents a domain-specific application of Ruby to provide a model-view-controller (MVC) 9 Web database application. This meant building a custom Web application for our purposes was straightforward. 
C. Problem space decomposition
In order to collect data from handling qualities and other simulation-or flight-based piloted experiments, investigators usually encounter (and have broken the problem space down into) the following highlighted objects:
An evaluation pilot participates in a piloted experiment ‡ . During that experiment, she participates in one or more sessions and performs task cards meant to evaluate various vehicle configurations performing certain maneuvers or tasks. In order to form an opinion, she performs multiple run cards of the same task in the same vehicle configuration, some runs for practice and other runs for data. During the runs, the performance of the vehicle is recorded and certain summary metrics are collected (such as touchdown descent rate or docking attitude) that are compared against prespecified task criteria for desired or adequate (or not adequate) performance. At the end of the runs, based on her performance and perceived amount of compensation and workload, she provides evaluations in the form of ratings or pilot opinions, and verbal comments, of that configuration and task. She may provide additional summary evaluations in response to questionnaires in the course of the experiment.
The objects indicated above correspond to tables within the underlying relational database, where each row of the table represents a single object instance. The relationship between the database tables is shown in Fig. 1 . Each column of a table contains information about a specific object; columns ending in _id indicate keys that refer to an object (row) in another class (table) as shown in the figure.
D. Detailed object descriptions
The main objects shown in Fig. 1 are discussed in more detail below:
Pilots
Each pilot object contains information regarding her background, training and experience. This anonymized information is usually published in handling quality studies for transparency in the experiment. Each evaluation pilot is assigned an evaluation pilot number, which uniquely identifies that pilot for the experiment.
Vehicles/Configurations
Handling qualities experiments normally evaluate more than one vehicle or control configuration, which may include various inceptor or effector characteristics, guidance, control or display variations, or flight conditions. In HOPE, the vehicle table is populated with a description of each of these variations in the experimental test matrix.
Tasks
It is not unusual to have the pilot evaluate more than one task, such as takeoff, turns, weapons delivery, target tracking, landing, or for spacecraft, docking. Each different task is assigned a unique number in the HOPE database.
Task cards
Each evaluation of a specific task by an individual pilot with a given vehicle configuration that is performed is part of an object called a task card, which may or may not correspond with an equivalent (physical) flight card. Each task card has a unique sequence number for each participating pilot, which usually corresponds with the sequence in which the task card is performed. There are normally multiple "runs" of the given task within a single flight card. 
Run cards
Each run associated with the experiment has a run card, which contains information about the task, vehicle configuration, and pilot. One or more run cards make up a task card, and each run card will have per-run metrics associated with it through an evaluation record.
Evaluations
There are three types of evaluations. First is the pilot summary, which are the overall summary comments or answers to a questionnaire. Second are the per-task evaluations, which are the pilot subjective answers and ratings such as Cooper-Harper ratings. Third are the per-run evaluations, which are the performance metrics for the given task.
Experimental Metrics
Each experimental metric record represents a single question being answered by the experiment. The metric can be pilot opinion per task or a measured performance of a certain parameter per run. The experimental metric record represents the question (e.g., "touchdown sink rate in ft/sec;" an evaluation record represents the response to the question (e.g. "3.42").
IV. Interaction with HOPE during the experiment
HOPE allows for the recording of experimental data in real-time as the experiment runs. A user with editing rights can log into the database via a web interface. After logging in, the user would follow the steps listed below to add a pilot and her sessions to the experiment database.
Adding a New Pilot
The user would select the "Pilots" link from the side menu, which will take him to the list of evaluation pilots. At the bottom of the page the user would click on the "Add pilot" link, which will take him to the page where he should add the information about the evaluation pilot as shown in Fig. 2 . This information includes a unique pilot number for identification purposes. When the form is completed, the user should click on the "Create" button at the bottom of the page.
Recording a New Session
Next, a new test session (e.g. a test flight, or simulation entry) record will need to be created. There may be more than one session per pilot, depending on the experiment. To mark the beginning of a new session in the aircraft or simulator, the user should select the "Sessions" link from the side menu and then select the "Add a new session" at the bottom of the page. This takes the user to the "Recording a new session" page as shown in Fig. 3 . The user would then record the start time, pilot number, and perhaps simulation software version or other notes. He can edit the session later to record the stop time and add additional notes. When the page is complete, the user should click on the "Create" button at the bottom of the page.
Adding a new Task Card
At this point the first task card would probably be evaluated in the experiment. There will be multiple task cards for each session; task cards are added from the Sessions page. The user should select the "Sessions" link from the side menu and then select the "Show" button next to the current session. On this page the user will find a link to "Add a new task card" which will open the page shown in Fig. 4 . The user would then complete the form which includes three pull down menus for pilot, task, and vehicle configuration. After completing the page the user would select the "Create" button at the bottom of the page.
Adding Run Cards
The user would next select "Task Cards" from the side menu and then select "Show" for the current task card. On this page the user would add the run cards that complete the evaluation of the vehicle configuration (forming a task card). The user would click on "Add a run" link and enter the run information as shown in Fig. 5 and then choose "Create".
Adding post-run opinions
Following a complete set of runs to evaluate a particular vehicle configuration, an evaluation pilot is usually asked to provide quantitative ratings in the form of CooperHarper ratings 11 , task load assessments 12 , Likert scale assessments 13 , and other quantitative opinions. These should be entered on the associated task card (which is the parent of the associated run cards) as shown in 
Performing post-session data upload and adding transcriptions and other links
A necessary step after each simulation session is to invoke a custom import script to load the summary data from post-processed time histories to populate the per-run metrics table. These are automatically associated with the appropriate run cards through the experiment-unique run number. Another (optional) post-session step involves transcribing any verbal comments that might have been recorded; these are added to the existing task card (e.g. Fig. 6 ) to back up the pilot's quantitative ratings entered earlier. Finally, links to any external recordings such as audio or video may be added if they are not in a consistent labeling scheme. If a consistent labeling scheme is employed, the HOPE source code may be modified to automatically provide a URL pointing to the external data.
Pilot questionnaires
Often the experimental protocol requires the pilot, at the completion a block or at the end of her participation in the experiment, to complete an oral or written questionnaire. The pilot page previously created is edited to capture the answer to these questions, shown in 
V. Use of HOPE during analysis of experimental results
A. Statistical measures
At this point, the HOPE application provides limited analysis of data, e.g., statistics (mean, minimum, and maximum), for any collection of task cards. Most number-crunching should be performed on the complete set of run summary data. A link is provided at the beginning of any collection of runs to download a comma-separated values file of that data set to an external application.
B. Search capability
HOPE includes a search capability for combination of metric values, which allows for additional analysis. Figures 8-13 show an example of how HOPE can be used for analysis. Figure 8 shows a search being performed to find all of the task cards where a Cooper-Harper Rating of 9 or 10 was given.
C. Data hyperlinking
A primary benefit of an on-line, hyperlinked databook is the ability to quickly maneuver around the dataset through links. For example in Fig. 9 the result shows seven task cards with a CHR of 9 or 10. It is noticed that tasks 600 and 800 are given 9s and 10s by more than one pilot. However task 900 is given a 9 by only one pilot. The user can look in more detail at the underlying rational for why the pilot assigned a CHR of 9 ("controllability in question") by clicking on the task number (900) to view a page describing task 900 (Fig. 10) . The user could then click on the underlined "11" in the "11 task cards" phrase to retrieve all of the task cards in which that task was evaluated. The summary of results (Fig. 11) show 11 task cards where task 900 was evaluated, and that 4 different pilots evaluated the task. Three of the pilots gave it a CHR level one or two. Only one pilot gave the task a level 3 rating.
The user can select the sequence number of the second-to-last task card (001) and view the task card, Fig. 12 ., along with notes and pilot comments and links to audio files. From inspection of the pilot comments, it appears this pilot was still coming up on the learning curve for the task. The sequence number in Fig. 12 confirms that this was the first evaluation performed by pilot 8. 
VI. Concluding remarks
Having an on-line, always up-to-date, centrally-served databook is a benefit to a flight test or simulator-based handling qualities research effort. Multiple test conductors can record data into the central repository; it is possible for multiple simultaneous simulations or flight experiments to be conducted and recorded in parallel.
Hyperlinks within the databook allow quick browsing of high-level overviews and drilling down to specific details of a particular run. The analyst can read transcribed (or listen to recorded) pilot commentary and watch the recorded video of a particular run from a single website. Configuration control is enhanced in that the software and hardware configurations of the experimental environment are recorded and all team members view the same, immediately available, data.
At any time during the weeks of an experiment, the latest set of data from the experiment is available for review and analysis. Preliminary data trends can be observed to keep the test matrix within reasonable scope and to ensure adequate parameter boundaries are being tested.
The ability to easily view and navigate through the data in several ways has proven helpful in analysis and documentation of a handling qualities experiment. It is expected that this tool will be made available upon request to other researchers so that they may benefit and improve upon it.
